Information about the affective state of a person is becoming increasingly important in human-computer interaction. This requires low-cost and unobtrusive devices to continuously measure the affective state. For this purpose, a computer mouse has been modified such that it enables measuring of mouse button pressure as the pressure applied to the mouse is highly correlated with the affective state of a person. In contrast to other studies in which mouse button pressure was analyzed, the development of the mouse was mainly driven by the requirement that the pressure sensors should not be visible from the outside that the user of the mouse does not recognize that pressure is being recorded. This can prevent intentional manipulation of the pressure applied to the mouse. Besides the button press, also the squeeze on the side of the mouse is recorded. For this purpose, a printed circuit board has been developed and integrated together with piezo and force resistive sensors into a standard computer mouse. These sensors are able to measure the force of the button press as well as the squeeze on the side of the mouse with high resolution. The mouse connects to the PC using a standard USB port. It was integrated into the xAffect software which provides an interface for data recording and visualization. A study where different arousal level were induced has shown strong interrelations between affect and mouse pressure.
Introduction
While at the early decades emotions have been disregarded in human-computer-interaction, expertise from affective computing -i.e. 'computing that relates to, arises from, or deliberately influences emotions' [1] -has shown that integrating information about the emotional state can help to enhance user experience in a large number of applications. According to the Media Equation [2] human-computer interaction (HCI) follows the same rules as human-human interaction. Therefore, it is desirable to make HCI more humanlike which also includes the ability of a computer to recognize the emotional state of a person and to react accordingly. This requires techniques to capture human emotions. As questionnaires only provide a very subjective snapshot of the current state of a person and can moreover be quite annoying, using sensor data can provide an objective measure of the emotional state of a person.
Motivation
Due to the increasing interest in affect aware applications, it is important to develop devices which are able to gather information about the affective state of a person. In a large number of studies, physiological sensors have been used to analyze information about the current affective state. One major disadvantage is that these sensors have to be worn at the body. In contrast to that, using the force applied to a mouse as an indicator for the affective state of a person is an unobtrusive way to capture this information. However, in contrast to other physiological signals it is easy to manipulate the force applied to a mouse intentionally. Therefore, the modification of the mouse has to be done in a way which is invisible to the user. Figure 1 Pressure sensitive mouse devices. Left mouse developed by [3] , right mouse by [4] .
Related Work
Pressure sensitive mouse devices have already been used in several studies to gather information about the state of a user. Two examples of how mouse devices have been modified in order to record mouse pressure are shown in Figure 1 . In [4] the mouse force on the left mouse button was used to differentiate between valence levels as a reaction to affective pictures. A mouse device equipped with eight force sensors at the outside was used to differentiate between frustration levels [3] . Moreover, [5] showed, that pressure at the side of the mouse increased with higher levels of frustration. Pressure sensitive mouse devices have also been integrated in an intelligent tutoring system which responds to user affect [6] . One major problem of these devices is that the sensors are attached to the outside of the mouse, such that users will notice that the mouse has been manipulated. Moreover, none of the pressure sensitive mouse devices are commercially available.
Methods
Measuring force on a mouse button requires both, hardware to capture the data and software for data recording, visualization and further processing. The following section describes how hardware and software have been developed and implemented.
Hardware
In the following we describe the requirements to the modification of the mouse device as well as the integration of the sensors into the mouse.
Requirements
In contrast to physiological signals, the pressure applied to a mouse can easily be manipulated intentionally. Therefore, the integration of sensors into a mouse device for measuring force was mainly driven by the requirement, that the mouse is modified in a way which will not be noticed by a user. Moreover, the functions of the mouse and the force measurement have to be combined in one device. The selected mouse device has to provide enough space for the sensors as well as for an additional developed printed circuit board (PCB).
A processing unit with analog-to-digital converters (ADC) is required which digitalizes the continuous input signals from the sensors and sends them to a computer using the USB connection of the mouse. Moreover, the power supply for the analog and digital circuits has to be realized on board. The sensor data has to be captured with a fixed frequency which allows accurate analysis of data. In addition to the sensor which has to be placed under the left mouse button, another sensor has to be placed at the left side of the mouse. While the sensor under the left mouse button measures the force when clicking the mouse, the sensor at the side measures the gripping force. Especially the sensor placed under the mouse button has to provide high signal resolution because of the very precise force control of human fingers. In contrast to that, the main requirement for the squeeze sensor is, that it has to be very thin in order to be placed under the soft side of the mouse.
Conceptualization
After an evaluation of several commercial computer mouse devices, the Revoltec W102 mouse 1 matched best with the requirement to provide enough space for invisible integration of additional components into the mouse. To measure the mouse button force, a high resolution is required. Therefore the piezoresistive sensor Honeywell FSS1500 was selected as it provides a very precise way to measure the force. When used in a Wheatstone bridge the temperature drift of piezoresistive materials is mostly compensated. With this sensor a force between 0 N and 1500 N can be captured which is more than the typical force applied to mouse button. The instrumental amplifier AD627 amplifies the output voltage of the Wheatstone bridge to the range of the ADC. The squeeze sensor is placed under the left side of the mouse device in a way that the user will not realize the force measurement. As the sensor has to be very thin, the force sensitive resistor Interlink Electronics FSR400 was selected. The resistance value is transformed into a voltage using a current to voltage changer such that the ADC can measure the underlying resistance based on the force applied to that sensor. The selected microcontroller MSP430F5510 provides 10 bit ADC channels, an USB interface, an LDO from 5V USB power to 3,3V used for the chip itself. It measures the analog signals, provides a communication through USB and is available in a small physical dimensions. Due to its low power feature it is possible to drive the chip by USB power. The interface between the mouse device and a computer is realized using an USB-CDC. With this USB class, Windows can use its generic mouse driver. Only an additional initialization file is required to install the modified mouse device. To enable communication with both USB devices -for force measurement and the standard mouse device for point and click events -an USB hub component was integrated on the PCB.
Integration
The Revoltec W102 contains two PCBs. While the first one is used for the main mouse functionalities, the second one provides the functionality for the upper buttons like skipping forward or backward. As these buttons are not required for most applications, this PCB was replaced by our developed PCB for force measurement as shown in Figure 2 . However, it is important that the board layout remains the same. Besides the microcontroller, also the analog circuit and connectors for the sensors and debugging, the USB cable and the original mouse board is placed on that board. The microcontroller continuously digitalizes the data received from the force sensors with a sampling rate of 32 Hz and sends them block wise to a computer with a sampling rate of 1 Hz. At the computer, an initialization file has to be generated which contains the information about the CDC USB device like vendor ID and clock frequency. When the mouse device is connected to a Windows computer, the operating system recognizes a USB hub component with two devices connected: a Human Interface Device and a CDCDevice. Using the installation file, Windows generates a virtuell COM-port to the mouse device. This COM-port enables bidirectional communication between a computer and our developed mouse device.
Software
In order to have an interface to process, visualize and store the data recorded by the mouse, the mouse has been integrated into the xAffect software 2 . xAffect is a Java-based middleware for online data processing and biofeedback applications. It is designed in a modular way such that it can easily be extended by additional components. Components are classified into three categories: sources, processors and sinks which can be flexibly combined in various setups. Therefore, the pressure sensitive mouse was integrated into xAffect as a new data source. As xAffect already provides a graphical user interface as well as components to visualize and store the data, besides an adapter to communicate with an USB port no additional components had to be implemented. However, for later studies it will be possible to write additional data processors which extract information about the emotional state of a person from the incoming mouse pressure data.
Results
In order to investigate to what extent emotions are reflected in the force applied in the mouse buttons, we conducted an experiment with different arousal levels.
Treatment Structure
Our experiment includes two treatments. First, in the high arousal (HA) treatment, the subjects face a highly arousing game environment. Second, in the low arousal (LA) treatment, all arousing game elements are disabled. The experiment is based on a between-subjects design, i.e., the subjects are randomly assigned to either participate in the HA or the LA treatment, but not both. The major task of the game is to continuously find a sequence of 5 symbols on the screen until the game ends after 10 minutes. The sequence to find is displayed in the center of the screen. On the lower screen there is a list of symbol sequences the player has to choose from. The number of symbol sequences to choose from depends on the treatment condition. In the LA treatment, there are 5 different symbol sequences the player has to choose from and a relaxing music is being played in the background. In the HA treatment, there are 20 different symbol sequences the player has to choose from and a fast paced music is being played in the background which increases during the game.
For participating in the experiment, the players receive a monetary compensation. In the LA treatment, the subjects have to throw a dice at the experiment. Depending on what number the dice shows, the subjects receive a monetary payoff between 0 EUR (number 6) and 15 EUR (number 1). In particular, the subjects cannot collect points in the game and their game performance has no influence on their individual payoff. In the HA treatment, however, a subject's individual payoff depends on how many points he or she collected in the game in comparison to the other subjects in the same session of the experiment. If a subject gained more points than all other players of his or her session, the player receives a payoff of 15 EUR. If a subject gained fewer points than all others, the player receives a payoff of 0 EUR.
The competitive scenario in the HA treatment aims at increasing the subjects' arousal. The players get 20 points for a correct decision while they lose 10 points for an incorrect decision. If they do not decide for a symbol sequence for 7 seconds they automatically lose 30 points. Thus, taking no decision is worse than taking an incorrect decision. Finally, correct and incorrect decisions are followed by intense sounds. All these game features are deactivated in the LA treatment.
Experimental Procedure
The study was conducted at the Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany. Altogether, 31 female and 113 male subjects (144 in total, mean age = 22.86 years) participated in 24 sessions. Out of these subjects, 124 used the force sensitive mouse. The subjects were randomly recruited from a pool of undergraduate students using the ORSEE software environment [7] . In order to keep the environmental conditions stable, all sessions were conducted within a period of two weeks. Following the methodological framework of [8] , an initial seven minute rest period was conducted before the game for calibration purposes. Moreover, the interactions with the experimental system were limited to mouse inputs and the subjects were equipped with outside noise cancelling headphones to avoid susceptibility to background noise.
Data Processing
To extract the force applied to the mouse button, first the clicks had to be detected. For this purpose, a 4 th order Butterworth high pass filter of 2 Hz was applied to suppress low frequency changes of the signal caused by touching the mouse button but not pressing it. Moreover, values which were lower than a threshold of 10% of the overall signal maximum were not used for analysis. Subsequently, local maxima were detected using the first derivative of the signal. As the force which is applied to the mouse button varies from person to person, a normalization of the signal had to be performed. Therefore, the detected peaks were divided by the mean value of the peaks in the period before the game starts. Figure 3 Force applied to the mouse button for both treatments Figure 4 Temporal characteristics of the mouse click force
Validation Results
The mean mouse button press during the game is shown in Figure 3 . As expected, the force applied to the mouse button when clicking during the HA treatment is rather higher than during the LA treatment. Moreover, the lower quartile of the HA treatment (Q HA 0.25 = 1.09) is pretty close to the higher quartile of the LA treatment (Q LA 0.75 = 1.13). A t-test reveals that the mean difference between both treatments is highly significant (p < .001). Having a look on the signal characteristics during the game, the force applied to the mouse button decreases with the time for both treatments. This can be attributed to learning effects which make the game less arousing over time. In the HA condition, the force applied to the mouse button increases in the last minute of the game. This can be explained by a change of the music to a more stressful music in the last minute. The signal characteristics are shown in Figure 4 . For the sensors placed under the left side of the mouse to record the gripping we did not get any meaningful results. For approximately 75% of the subjects no or only very little mouse squeeze was registered. For the remaining subjects the registered mouse squeeze did not differentiate between the treatments.
Conclusion
In the current paper we presented computer mouse which has been enhanced in order to measure the force applied to a mouse button. For this purpose an FSR has been integrated into a standard mouse device in a way that it is not visible from the outside. To validate the mouse, a study with 144 participants has been conducted. Results show significant differences in the intensity of the mouse button press when playing a computer game.
The results of our study show that measuring the force applied to a mouse button provides useful insight into a subject's current emotional state. We are confident that combining this new measure with existing physiological measures (e.g., skin conductance, heart rate) can contribute to more sophisticated multi-factor models of arousal assessment. In other words, we see our approach as complementary to existing research on other physiological arousal parameters. Therefore, the presented mouse device will also be used the Karlsruhe Decision and Design Laboratory (KD2Lab) at KIT for large scale physiological studies.
